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Some Ecological Notes on the Alpine 
Tundra in the Area of the Juneau 
Ice Field1 
By RICHARD T. WARD 
INTRODUCTION 
During the summer of 1949 an introductory study of the vegeta-
tion of nunataks and peripheral tundra areas of the Juneau Ice Field 
was made. The field work constituted a part of the Juneau Ice Field 
Research Project, wh'.ch in addition to ecology includes investiga-
tions in the fields of geology, glaciology, meteorology, seismology, 
and cartography. 
Except for a small plant collection made by a reconnaissance party 
in the previous summer, the vegetation of this ice field was virtually 
unknown, as were in fact the other scientific aspects. The expedition 
of 1949 was the first group to spend an entire summer on the ice 
field, and the first to establish stations on any substantial number of 
nunataks. 
The aim of this particular study w:as to collect and identify the 
major plant species on several nunataks and on related areas, and 
to analyze the plant life from an ecological standpoint. A species 
list of 53 angiosperms compiled from the summer's collection in-
cluded the most important species on all areas visited, plus most of 
those of secondary importance, as well as many of the occasionals. 
C. R. Ball identified the willows and E. Hulten checked the identifi-
cation of other flowering plants. Mosses collected were identified by 
W. C. Steere. A more complete f!oristic list of all plant groups has 
been assembled by Heuser ( 1954) who made several visits in later 
years to the ice field. 
Ecological studies in areas such as this have been few in North 
America, especially in this general region. Perhaps of most signifi-
cance from the standpoint of proximity is a study at Mt. Bertha, 
Alaska, where collections on isolated plant colonies were made by 
Washburn, and later interpreted by Cooper (1942). A total of 15 
flowering plant species were gathered, with about half of them 
typical of the alpine mat of southeastern Alaska, and the other half 
characteristic of lower lying vegetation. 
Cooper concluded that the plants had migrated to their present 
location from continuously vegetated areas at a time when the 
glacial barriers were less than now, present isolation having resulted 
1 This paper is a condensation of a Master's thesis (Ward, 1951) written 
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Figure I. Sketch map of the southern part of the Juneau Ice Field. Botanical stations 
indicated by arabic numerals. 
from a readvance of the ice. A period of comparative warmth and 
dryness in mid post-Pleistocene is suggested as the most likely time 
for sufficient reduction of the ice barriers. 
STUDY AREA 
The Juneau Ice Field lies about seven miles north of Juneau, 
Alaska, extending northward a distance of 65 miles, with an average 
width of about 25 miles. The area of the present investigation, 
roughly the southern half of the ice field, lies between the meridians 
134° 30' W. and 134° 00' W., and between the parallels 58° 30' N. 
and 58 ° 45' N. (Fig. 1). Seven glaciers flow out of this general 
area, all but one of which are receding. Findings by Lawrence (1950) 
indicate that the most recent general advance occurred sometime in 
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the 1 700s, with all glaciers receding since that time except the Taku 
Glacier and its distributary, Hole-in-Wall Glacier. The latter was 
non-existent previous to 1900. The Taku Glacier has advanced ap-
proximately three miles since 1890. 
Included in the present study were both nunataks and peninsular 
ridges extending toward the center of the ice field. Of the nunataks 
visited, the minimum distance from continuously vegetated country 
is three miles, and the maximum about ten miles. The nunataks 
vary considerably in size and elevation, some peaks lying close 
enough together to form chains a few miles long; the maximum 
distance between adjacent nunataks is about four miles. The summit 
elevations of the nunataks visited range from about 4200 ft. to 6300 
ft., with the general snowfield elevation in. the nunatak region lying 
between 3600 ft. and 4100 ft. The field season for this work began 
July 2 2, 1949, and ended September 7. During this time eleven 
stations were established where plant collections and observations 
were made. 
METEOROLOGICAL CONDITIONS 
From July 9 to September 21 weather observations were made by 
members of the expedition. Average daily temperatures, average 
daily wind velocity, precipitation, and hours of sunlight were com-
puted and recorded. Temperatures throughout the summer were 
relatively moderate with freezing conditions infrequent even on the 
glacier itself. On sixteen days the average daily temperature was 
above 50° F., while eleven days had average daily temperatures 
below 40° F.; the majority had averages somewhere between 40° 
and 50°. Diurnal fluctuations were quite small. On clear days the 
radiation was so great that clothing was a necessity for protection 
against sunburn, rather than for warmth. 
Precipitation was frequent, but not especially heavy, a total of 
8.86 inches being recorded in the 7 5-day period. Rainfall was re-
corded on 39 days, with a maximum of 0.86 inch for a twenty-four 
hour period. Winds, mostly from the east, were usually rather weak. 
Thirteen miles per hour was the highest average daily velocity, and 
maximum gust velocities were established to be in the neighborhood 
of 30 miles per hour. Noteworthy and sometimes notorious were the 
characteristic conditions of fog and overcast. Only about 30 per cent 
of the possible hours of sunshine had sufficient sun to record on the 
Campbell-Stokes instrument, and periods of four to five days passed 
when the sun was not seen. 
Weather conditions during the winter, although severe, are prob-
ably of little consequence to the deeply buried plant life. The depth 
of the snow is likely such that a few feet one way or the other prob-
ably does not significantly change the conditions at the soil level. 
The variation in annual snowfall is of some consequence, however, 
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as it is related to the period of time required for subsequent melting, 
and contributes, therefore, rather directly to the variation in growing 
season length from one place to another and from one year to the 
next. 
In an effort to evaluate the normalcy of the summer conditions, 
weather data at Juneau for the same period of time were compared 
with the averages for the period· of record, on the assumption that 
trends are roughly the same over the area including Juneau and the 
ice cap. Temperatures for summer months of July, August and Sep-
tember were near normal at Juneau, but precipitation was measur-
ably lower than normal. Average possible sunshine was considerably 
above normal during the months of August and September, while 
wind velocities tended tn be less than normal. Of some significance 
is the fact that the amount of snow during the previous winter was 
much above the average. There was evidence that this was also true 
on the ice field. 
PERIPHERAL STATIONS 
The three peripheral stations ( 1, 2 and 3, Fig. 1) represent a 
variation in conditions with respect to elevation, exposure, length of 
growing season, and distance from forest and lowland vegetation. 
Station 1, atop a ridge just above timberline at 2 500 ft. was the 
lowest of these, and Station 3 at 4300 ft. was the highest. The 
growing season (snow-free period) is estimated to average about 
three months at Station 1, and perhaps a month shorter at Station 
3. Station 2 is intermediate in most respects. 
At Station 1 the transition to the nearly impenetrable forest vege-
tation below is rather sharp, but some mountain hemlock (Tsuga 
nzertensiana) occur as scattered, scrubby trees in the tundra mat 
(Fig. 2). A ring count on a trunk of this species measuring 3 }i 
inches in diameter showed an approximate age of 100 years. No 
trees were found at the uppermost peripheral station, but on the 
lower portion of the slope at Station 2 ( 3 200 ft.) individuals of this 
species were found, measuring as much as 5 inches in diameter. 
Above timberline, under best conditions of soil development, 
drainage, length of growing season, and temperature, a very heavy 
heath mat is developed, with Cassiope nzertensiana2 the most im-
portant component by a considerable degree. This species often 
composes as much as two~thirds of the heath mat. Lesser species are 
Cassiope stelleriana, Phyllodoce glandulifiora, Loiseleuria procunz-
bens, Vaccinium caespitosum, V. uliginosum, and the heath-like 
Empetrum nigrum. V accinium uliginosum occupies certain scat-
tered mat areas to the virtual exclusion of other species. 
Changes in soil moisture conditions are sometimes accompanied 
by pronounced changes in vegetation, such as the heavy growths of 
2Taxonomic nomenclature follows Hulten (1941-1949). 
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Figure 2. Heath mat and mountain hemlock (Tsuga mertensialla) at the lowest (2 SOO ft.) 
peripheral station. 
grasses and sedges which develop in the vicinity of meltwater pools; 
in these situations Scirpus caespitosus ssp. au.striacus is often the 
most abundant species. Mild drainage troughs frequently have a 
dense growth of Fauria crista-gaJli mixed with heaths (Fig. 3). 
The number of extraneous species in the heath mat is quite small, 
with the majority of non-ericaceous species occurring in moss mats. 
Lutkea pectinata and Lupinus nootkatensis are among those able to 
establish and maintain themselves in the more competitive heath 
mat. 
The nature of the soil beneath the mat was revealed when a drain-
age trench was dug around the tent at Station 1. Lengthy chunks of 
sod as much as ten inches in thickness, consisting of a mass of 
partly decomposed organic matter bound by roots and rhizomes 
were removed by spading down to bedrock. Usually a two- to three-
inch layer of loose gravelly material Ja.y beneath. Similar but shal-
lower sod development occurred at the other peripheral stations. 
On certain rock slabs the rather simple stages in xerarch succes-
sion are laid out radially. The central portion is bare or covered 
with a thin layer of mosses, liverworts and lichens. Progressively 
outward the organic soil, built up by the lower forms, is thicker and 
capable of supporting growths of club moss (Lycopodium aJpinum 
and L. clavatum), and as the substratum thickness approaches one 
inch the heaths are able to establish themselves and obtain terminal 
dominance. 
The mat development here described appears to prevail on most 
5
Ward: Some Ecological Notes on the Alpine Tundra in the Area of the Jun
Published by UNI ScholarWorks, 1957
118 IOWA ACADEMY OF SCIENCE [Vol. 64 
Figure 3, Fauri crisla-galli in heath mat at Station 1. 
of the peripheral stations that have a growing season of at least two 
months. On well vegetated areas no great variation from this was 
seen, but certain exposed areas were only sparsely vegetated. Along 
the summit of the ridge at Station 2 ( 4000 ft.) the snow-free period 
is evidently less and general conditions somewhat more severe, with 
vegetational development correspondingly reduced. Sedges and 
rushes are more common than heaths, with the majority of the plants 
confined to crevices. 
Station 3, a definite south-facing slope at roughly the same eleva-
tion as the sparsely vegetated ridge at Station 2, is covered by a 
heath mat of essentially similarity to that at Station 1 (Fig. 4). 
The more direct exposure to solar radiation and the partial protec-
tion to the north probably account for this. 
A snow-free area on the opposite exposure showed only minor 
heath mat development, with Cassiope stelleriana more common 
than C. mertensiana. Conspicuous in the poorly developed mat were 
clumps of Calatn()grostis canadensis var. scabra, which attains 
heights of over two feet. 
NUNATAK STATIONS 
The vegetation of nunataks, as expected, is in general much less 
developed than that of the peripheral areas, the disparity being es-
sentially quantitative rather than qualitative. Species lists are 
shorter, mat formation less perfect, and accumulation of organic 
matter less, but there is notable agreement in the dominant flowering 
species. 
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Figure 4. Heath mat on south-facing slope at Station 3 (4300 ft.) . 
The best area of mat formation on the nunataks visited was found 
on the lower portion of the southwest-facing slope at Station 4. This 
peak, closest of all nunatak stations to continuously vegetated coun-
try is only about 3 miles distant from the proximal tip of a ridge 
separating the lower portions of the Norris and Taku Glaciers. In 
the direction of prevailing winds from the ridge, this nunatak is in 
an excellent position to receive windborne disseminules. At an 
average elevation of about 4200 ft. this was one of the lowest of the 
isolated stations. The snow-free period for the summer was esti-
mated to be in the neighborhood of two and a half months. 
The upper portion of the southwest-facing slope (to 4380 ft.) was 
sparsely · vegetated, with Cassiope stelleriana and C. me:rtensiana 
forming small matted areas, and related in abundance to one an-
other in this order. Cladonia and Stereocaulon were important 
iichen genera. 
Just above midslope there was an unusual area of nearly bare 
dirt covering most of the bed rock. Why such an apparently suitable 
substrate--much more so, as a matter of fact than other areas 
which were vegetated-would escape invasion and colonization was 
not readily apparent. One thing noticed that may be of some conse-
quence was the definite dryness and almost complete absence of 
drainage streams. The few patches of bryophytes found were mostly 
in areas of occasional meltwater drainage. 
Over the lower half of the slope a very highly developed sod-like 
mat covers· much of the surface (Fig. 5), Soil depths are usually at 
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Figure 5. Area of best nunatak mat development. CaJsiope mertensiana dominant. Sta· 
lion 4, 
least six inches and sometimes ten to twelve inches, the upper two-
thirds being strong in organic matter. Cassiope mertensiana is the 
dominant species, but other heaths are of considerably less impor-
tance than in the mats of the peripheral areas. Rushes (Juncus 
drummondii and J. mertensianus) and grasses (Agrostis borealis 
and A. thurberiana) seemed to assume the role of replacements. 
Lupinus nootkatensis was more abundant here than at any of the 
other stations (Fig. 6) . The general luxury of the vegetation may 
well be related to added nitrates accountable to this species. The 
abundant animal life may also reflect the more favorable condition 
of nitrogen availability. Marmots, ptarmigan, and an unidentified 
mouse-like rodent were in considerable numbers. Their droppings 
were abundant and well distributed, a factor which undoubtedly 
has its value in the nutrient cycles. 
In marked contrast to this slope was the vegetation on the small 
summit at Station 10, the highest in elevation ( 62 SO ft). of the 
nunatak stations. Situated at the upper reaches of the Taku Gla-
cier, the distance to continuously vegetated areas to the south and 
east is between 15 and 20 miles, while to the northwest it may be 
considerably less (Fig. 7). The east-facing slope, where the ascent 
was made, was very unstable and therefore unfavorable to plant life. 
On the few snow-free areas of this slope no flowering plants were 
found, and the lower forms were relatively rare. The short growing 
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Figure 6. Lupinus nootkalenm and Juncus mertensia,.us at Station 4 (4200 ft.). 
season in addition to the instability makes the environment quite 
unfavorable for plant growth. 
Only at the summit was there any aggregation of plants. Here 
species of Cladonia and Stereocaulon, together with bryophytes formed 
a mat of slight thickness. Draba exakta, Poa leptocoma, Saxijraga 
bronc/Ualis ssp. junstoni and Silene acaulis comprised the flowering 
plant assemblage, and these few species were scattered. The vertical 
isolation of these plants was emphasized when the sheer drop of the 
potentially more favorable south and west exposures was viewed. 
Establishment on lower levels with gradual migration to higher ele-
vations such as probably has taken place on several nunataks ap-
pears to be unlikely or at least unusual here. This in addition to the 
severe conditions which must prevail at this unprotected elevation 
are probably most responsible for the short species list. 
Between the extremes of the heavy growth at Station 4 and the 
minimal vegetation mat at Station 10, nunatak areas visited showed 
several intermediate degrees of mat development and vegetational 
coverage. Basic compositional differences seem to be related more to 
elevation and exposure than to nunatak position and isolation, al-
though the condition at Station 4 might be considered a notable 
exception to this generalization. The degree of mat development 
varied in the same elevational range and exposure on different nuna-
taks, including adjacent ones, but the species present on similarly 
exposed areas are quite comparable. It seems probable that snowfall 
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; 
Figure 7. Looking southeast from summit at Station 10 (6250 ft.) . 
varies significantly from one nunatak to the next, as indicated by 
the long period of exposure on some slopes and the shorter period 
on like exposures of other nunataks. The reduction in growing 
season at a given elevation appears not to effect the species compo-
sition of the mat as much as it does the coverage. 
Heath mats dominated by Cassiope mertensiana, C. stelleriana, 
Phyllodoce glanduliftora, Loiseleuria procumbens, and Empetrum 
nigrum occur at about 4600 ft. on southwest-facing slopes, where 
growing season lengths are at least two months. Rushes, sedges and 
grasses are of secondary importance as a life form. Above 4600 ft. 
the environmental conditions are evidently quite rigorous, regardless 
of slope, and plant growth is rather drastically reduced, particularly 
that of flowering plants. Quite surely the precipitous nature of many 
of the slopes above this elevation also plays an important part in 
limiting the vegetational development. All of the heaths except 
Cassiope stelleriana are considerably reduced in abundance, this 
species forming monospecific mats as high as 5000 ft. Although dis-
placed in total coverage by lower forms, this species was found at 
5400 ft. 
A variety of flowering species occur in the bryophyte-lichen mat 
at the upper elevations, including such things as Hierochloe alpina, 
Trisetum spicatum, and Sibbaldia procumbens. Saxifraga bronchi-
alis ssp. funstoni and Silene acaulis seem to be capable of establish-
ment in crevices and corners at upper elevations, the cushions of the 
latter in turn forming a very suitable substratum for other species 
10
Proceedings of the Iowa Academy of Science, Vol. 64 [1957], No. 1, Art. 12
https://scholarworks.uni.edu/pias/vol64/iss1/12
1957] ALPINE TUNDRA 123 
Figure 8. Cushion of Sitene acaulir providing substratum for Carer pribylovenri.r . Station 
7 (4900 ft.). 
(Fig. 8). A collection at 5600 ft. on one nunatak showed only lower 
forms, indicating that the flQwering species are probably at best 
only minor constituents in these upper elevations. 
TIME AND MANNER OF NUNATAK INVASION 
The problems as to time and manner of plant invasion of the nuna-
taks are closely related. The first question that arises is: has the 
vegetation survived from the last interglacial period, or has it come 
in since the maximum of the last glaciation? 
The majority of the higher peaks of the ice field evidently escaped 
complete submergence by ice during the maxima of the Pleistocene 
glaciation. Geologists, from observations made during the summer 
of 1949, estimated the upper limit of Pleistocene glaciation near 
the center of the study area to have been between 5600 and 6000 
ft., and between 5000 and 5500 ft. near the edge of the ice field. 
With a maximum ice elevation of 6000 ft., it is conceivable that 
the few species found today near and at the summits could have 
weathered the conditions accompanying the ice maxima, but for the 
majority, found only at lower elevations, this possibility seems very 
remote. They must have arrived during the period between the 
maximum of the last glaciation and the present. 
The sequence of postglacial climatic history proposed by von Post 
is generally accepted for this area. It postulates a gradual warming 
up, followed by a period of decreasing temperature. Numerous lines 
of evidence in North America and Europe supporting this general 
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scheme have been summarized by Cooper ( 1942). The approximate 
dates for the period of maximum warmth are usually set at between 
4000 and 8000 years ago. Cooper ( 193 7) suggests that an estimate of 
1000 years for the period of deglaciation in some of the valleys at 
Glacier Bay may not be unreasonable. This same pattern probably 
prevailed in other nearby areas, including the Juneau Ice Field 
which is only 60 miles distant. It seems certain that during the 
Xerothermic Period snow barriers between the peripheral areas and 
the nunataks, and between nunataks, were less effective than now. 
It is probable that certain areas, now isolated, were then connected. 
It may reasonably be concluded that, with contraction of the 
snow- and ice-covered areas during the period of deglaciation, alpine 
vegetation rather quickly followed, taking possession of suitable 
habitats in the expanding ice-free areas within the boundaries of 
the present Juneau Ice Field. The invasion likely reached its maxi-
mum during the Xerothermic Period, after which readvance of the 
ice and deepening of the snow covered a large part of the areas 
exposed, destroying the vegetation upon them. Areas that had been 
easy migration tracts were no longer such. Barriers to migration 
became more and more effective, whatever the agent of transporta-
tion. This trend continued up to about 200-300 years ago, when it 
was reversed. Migration has become a little easier, but the barriers 
are still very effective. 
Vegetation has thus very probably been present on the nunataks 
of the ice field since the Xerothermic Period, and many of the pres-
ent plants are likely descendants o.f the invaders of that time. It 
does not follow, however, that all are, for invasion of isolated areas 
may be going on under present conditions. 
The principal agents that could transport disseminules across the 
snow barrier .are wind and animals. During the summer of the pres-
ent study prevailing winds over the ice field were from the east, with 
occasional shifts to the southeast, north and west. They were seldom 
of storm nature, with velocities of 20-2 5 miles per hour the usual 
maxima; infrequent gusts may have exceeded this. High velocity 
winds from the north reported for the winter months are of minor 
significance because of heavy winter snowfall, which leaves only the 
very steep, bare places as possible lodgement areas for disseminules. 
For an individual disseminule, to avoid hopeless burial, the entire 
trip would have to be completed between the time of fruit maturation 
and the onset of winter snows. 
The spores of mosses, liverworts, club mosses, and ferns, and the 
soredia of lichens, are small enough to be carried easily many miles 
by moderate winds. Species having seeds or fruits equipped with 
structures which facilitate wind transport are Epilobium ssp., Salix 
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ssp., and Geum calthifolium; with the exception of these and the 
spores it is doubtful that disseminules of any of the nunatak species 
could be carried even the minimum isolation distance of 3 miles in 
one hop. The majority, including most of the heaths, sedges, rushes, 
and grasses, have disseminules mostly about 0.5 to 1 millimeter in 
diameter, with some as much as 2 millimeters. It is probable that 
seeds of this size require winds of unusual velocity for transportation 
over any considerable distance. 
Long-distance travel by repeated hops across the snow is a possi-
bility. Simmons ( 1913) and Ridley ( 1930) report disseminules 
being swept across ice, a surface which apparently offers little re-
sistance to such movement. A snow surface at temperatures above 
freezing is very different, however; its wetness would tend to hold 
the seeds, and many might lodge in melt pockets. The formation of 
a crust would provide a more suitable surface, but freezing condi-
tions were rather uncommon during the summer. 
One species, Lupinus nootkatensis, because of its exceptionally 
large and heavy seeds, probably is transported in only a minor way 
by wind. It is true, as Ridley remarks, that "the pods or separate 
valves of the Leguminosae bearing seeds are easily windborne." It 
would seem, however, that in the process the seeds would be quickly 
dropped and the pods carried on without them. 
Animal life on the ice field was somewhat varied but not abundant. 
Marmots were observed at Station 4 in fair numbers, .and small 
mouse-like rodents were seen there and at Station 7. A bear was 
seen in the area of Station 3, and tracks were reported at Station 1. 
Five mountain goats were seen just above Station 1, and what evi-
dently were wolf tracks were observed on the glacier below Station 7. 
Marmots apparently feed on grasses and other tender vegetation, 
as evidenced by the many closely cropped shoots at Station 4. Ridley 
(1930) says "many dry seeds or fruits are dispersed by being swal-
lowed, most commonly by herbivorous mammals, which in browsing, 
swallow the small hard seeds with the foliage, the seeds passing 
undigested." Simmons ( 1913), however, believes that herbivorous 
mammals are of little importance for the dissemination of plants; 
he states that "seeds of herbs or small shrubs eaten by them doubt-
less will be digested so as to exclude endozoical dispersion by them." 
The marmots probably very seldom travel between nunataks and 
continuously vegetated country, or even between nunataks. 
The larger mammals experience little difficulty traveling on the 
snow, and disseminules could supposedly be carried in their fur .as 
well as internally; however, except for the few ptarmigan and mar-
mots in the case of the wolves there is little to attract them to the 
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nunataks. Mountain goats are herbivorous and bears feed to some 
extent on the berries of V accinium and other species. It is difficult 
to imagine that either of these .animals frequent the nunataks for 
the relatively meager vegetation found there. 
Birds, though probably the most common animal, were not abun-
dant. Ptarmigan were seen at Stations 4, 7 and 8. Simmons believes 
they are the principal means of spreading V accinium uliginosum, 
Empetrum nigrum, and other species with fleshy fruits over the 
Arctic-American Archipelago. He doubts, however, that disseminules 
of other types can pass the intestines of the ptarmigan undamaged. 
During the summer no ptarmigan were seen in flight between nuna-
taks, indicating that such movement is probably rather infrequent. 
Wind and animals thus .appear to be relatively ineffective with 
respect to dispersal of plants across the glacier onto the nunataks 
and between the latter: wind because of its low velocity, and 
animals because of their small numbers, eating habits, and apparently 
restricted travel. 
We may conclude that under present conditions successful inva-
sion of nunataks is exceedingly difficult except for a few species 
fitted for long-distance travel by wind, and that a major invasion of 
plants probably took place during the Xerothermic Period when facil-
ities were very likely much more favorable than now. 
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